As life expectancy in people living with HIV (PWH) has increased, the focus of management has shifted to preventing and treating chronic illnesses. Regular physical activity (PA) has been shown to reduce the impact of HIV on both physical and mental health. Our objectives were to assess the PA levels of PWH compared to HIV negative controls; investigate factors associated with PA; and determine the effect of PA levels on quality of life and mental well-being. We recruited 110 PWH and 110 HIV negative controls in this cross-sectional, single-centre study. Physical activity, quality of life and mental well-being were assessed using the rapid assessment of physical activity tool, EQ-5D-5L Questionnaire, and the Warwick-Edinburgh Mental Well-being Score. Binary logistic regression and multiple linear regression were used to identify factors associated with PA levels and mental well-being scores respectively. PWH were less likely to meet the WHO-recommended PA requirements compared to controls (50.0% vs. 64.5%; p = 0.041) and had significantly lower mental wellbeing and quality of life scores. Additionally, in PWH higher PA levels were associated with improved self-rated quality of life scores (p = 0.027). Our results suggest that targeted exercise programmes could have a beneficial effect on health status in PWH.
Introduction
An estimated 36.7 million people were living with HIV worldwide in 2017 (World Health Organization). As effective antiretroviral therapy (ART) has become more accessible, the average life expectancy of people living with HIV (PWH) has increased and it is almost equalling that of the general population (Trickey et al., 2017) . However, this has been associated with increasing numbers of non-AIDS related deaths (Cobucci et al., 2015; Croxford et al., 2017) and PWH on ART still have more co-morbidities than HIV negative individuals (Hogg et al., 2017) . Despite suppression of viral replication by ART, HIV infection leads to a state of chronic inflammation (d 'Ettorre, Paiardini, Ceccarelli, Silvestri, & Vullo, 2011) . This is postulated to be the underlying mechanism for the increased incidence of diseases associated with accelerated ageing, such as myocardial infarction, stroke and non-AIDS related malignancies (Ceccarelli, d'Ettorre, & Vullo, 2013; Ipp & Zemlin, 2013) . However, viral factors, lifestyle and ART may also be implicated as contributing factors (Ceccarelli et al., 2013) .
Regular physical activity (PA) reduces the incidence and severity of a number of diseases (Sigal, Kenny, Wasserman, Castaneda-Sceppa, & White, 2006; Smart & Marwick, 2004) , including many of the illnesses observed in PWH receiving ART (d'Ettorre et al., 2014) . The most recent guidelines from the European AIDS Clinical Society (2017) emphasise the positive impact of an active lifestyle to treat and prevent conditions such as obesity, hypertension and diabetes. Studies have shown that increased PA in individuals with HIV improves cardiovascular fitness (Jaggers & Hand, 2014) , mental health (Jaggers et al., 2015; O'Brien, Tynan, Nixon, & Glazier, 2016) and generally reduces the impact of HIV and its treatment on health (d' Ettorre et al., 2014) . Most evidence suggests no significant changes to CD4 cell count (Jaggers & Hand, 2014; Terry et al., 2006; Tiozzo et al., 2013) .
For people aged 18 and above, current World Health Organization guidelines (2010) recommend "at least 150 minutes of moderate-intensity aerobic PA throughout the week or at least 75 minutes of vigorous-intensity aerobic PA throughout the week, or an equivalent combination of moderate-and vigorous-intensity activity". The Active Lives Survey by Sport England (2018) found that in 2016/ 2017 close to 62% of the general population managed to complete at least 150 minutes of moderate-intensity PA per week. However, in their 2018 meta-analysis Vancampfort et al. found that only 50.7% of people living with HIV are complying with recommended PA guidelines. Reasons for this are likely to be multifactorial. People living with HIV have a greater number of co-morbidities (Hogg et al., 2017) , which may impact on their ability to perform PA. Furthermore, both fatigue (Barroso, Harmon, Madison, & Pence, 2014; Jong et al., 2010) and disability (Banks, Zuurmond, Ferrand, & Kuper, 2015; Hanass-Hancock, Myezwa, & Carpenter, 2015; Myezwa, Hanass-Hancock, Ajidahun, & Carpenter, 2018) are common in individuals living with HIV, and are both associated with functional limitation. Additionally, in some populations, lower household incomes correlate with higher HIV prevalence rates (Denning & DiNenno, 2010) . Individuals in lower socioeconomic classes are less likely to exercise, more likely to smoke and consequently often have worse health outcomes (Marmot, 2010) .
Physical activity in PWH is often studied in isolation and therefore this study aims to assess the levels of PA of PWH compared to HIV negative controls. Furthermore, the study aims to identify factors associated with PA and to determine the effect of PA on quality of life and mental well-being.
Methods

Study design
A cross-sectional, single-centre, study was carried out between December 2017 and March 2018. Data was collected from PWH attending the HIV department at the Royal Sussex County Hospital in Brighton U.K., a large urban centre with a cohort of approximately 2400 PWH with 42% over the aged of 50 years and HIV negative individuals attending sexual health clinics at the same hospital. Potential participants were directed to a member of the study team on checking in at the clinic. Prior to providing written informed consent, participants were fully informed of the nature and aims of the study. This study has received Health Research Authority approval and ethical approval from the Berkshire B Research and Ethics Committee.
Data collection
All participants were asked to complete three self-administered questionnaires. These were the rapid assessment of physical activity (RAPA); The EuroQol five-level fivedimension questionnaire (EQ-5D-5L); and The Warwick-Edinburgh Mental Well-being Score (WEMWBS). People living with HIV and HIV negative controls were matched for gender during patient recruitment. Data on HIV clinical parameters (CD4 count, HIV viral load, years since HIV diagnosis and ART regimen) and sociodemographic factors including number of hospital admissions in the previous year, body mass index and history of co-morbidities were collected. We have defined a chronic physical co-morbidity as a condition that may require long-term treatment or have a long-lasting impact on a participant's health. ART was categorised as protease inhibitor-based, integrase inhibitorbased, non-nucleoside reverse transcriptase inhibitor (NNRTI)-based or a complex regimen. We have classed a complex ART regimen as the use of more than one of a protease inhibitor, integrase inhibitor or NNRTI or the use of maraviroc. Clinical letters and discharge summaries were reviewed to ensure that the ART and medical history provided was up to date and to supplement clinical information.
Rapid assessment of physical activity
The "Rapid Assessment of Physical Activity" (RAPA) questionnaire (Topolski et al., 2006) is a nine-question survey that assesses levels of PA. It provides a RAPA 1 score which indicates level of aerobic PA and a RAPA 2 score which is based on strength and flexibility.
Based on their RAPA 1 scores for aerobic activity, participants were assigned to one of three categorical groups (Montgomery et al., 2017) ; sedentary, infrequent or light activity (RAPA 1 scores of 1-3); less than recommended activity (RAPA 1 scores of 4 or 5); and more than or equal to recommended activity levels (RAPA 1 scores of 6 or 7). Additionally, participants were assigned separate RAPA 2 scores of 0 (no strength or flexibility exercises), 1 (strength exercises only), 2 (flexibility exercises only) or 3 (activities to improve both strength and flexibility).
Euroqol five-dimension five-level (EQ-5D-5L) questionnaire Assessment of health-related quality of life was carried out using the EuroQol five-dimension five-level (EQ-5D-5L) questionnaire (Agborsangaya, Lahtinen, Cooke, & Johnson, 2014) . The EQ-5D-5L provides two outputs; the descriptive system and the visual analogue scale (EQ-VAS). The descriptive system comprises five dimensions (mobility, self-care, usual activities, pain/discomfort and severe problems), with five levels in each dimension (no problems, slight problems, moderate problems, severe problems and extreme problems). The respondent indicates their health status by ticking the most appropriate box in each dimension. Health states are converted into a single index value using country-specific value sets (Devlin, Shah, Feng, Mulhern, & van Hout, 2017) . The visual analogue scale records the respondent's self-rated health on a 20 cm vertical scale with endpoints labelled from 0 ("the worst health you can imagine") to 100 ("the best health you can imagine").
Warwick-Edinburgh mental well-being score (WEMWBS)
Assessment of mental well-being was performed using the WEMWBS questionnaire (Tennant et al., 2007) , a 14-item scale covering subjective well-being and psychological functioning. The WEMWBS results were recorded as continuous variables.
According to Tennant et al, the WEMWBS shows "high levels of internal consistency", with a Cronbach alpha coefficient reported of 0.91 for the general population. In this current study, the Cronbach alpha coefficient was 0.953.
Permissions have been granted to use the RAPA, EuroQol EQ-5D-5L and WEMWBS questionnaires in this study from their respective copyright holders.
Statistics
A sample size of 212 split evenly between PWH and HIV negative participants was calculated based on 80% power and a significance level of 0.05. We used estimates of 36%, 13% and 51% of PWH (Vancampfort et al., 2018) and 26%, 13% and 61% of HIV negative individuals (Sport England, 2018) fitting into "sedentary, infrequent or light activity"; "less than recommended activity"; and "more than or equal to recommended activity levels" categories respectively. Categorical variables were described using frequencies and percentages. The sociodemographic characteristics, RAPA, WEMWBS AND EQ-5D-5L scores of the PWH and HIV negative cohorts were compared using chi-square, Fisher's exact, Mann-Whitney and student's t-tests. The effect of RAPA group on mental well-being, quality of life and indicators of HIV infection was analysed using one-way ANOVA and Kruskal-Wallis tests. Post-hoc calculations using the Mann-Whitney test with a Bonferroni adjustment (alpha level = 0.017) were performed to further investigate the effect of PA level on EQ-VAS score. Binary logistic regression was used to identify factors associated with meeting recommended PA levels (RAPA 1 scores of 6 or 7) and multiple linear regression was used to identify factors associated with mental well-being scores. For each regression analysis, multicollinearity was assessed beforehand using variance inflation factor and tolerance. Multiple linear regression models predicting EQ-5D-5L descriptive and VAS scores had non-normally distributed residuals and were not used. Statistical analysis was performed using SPSS (IBM version 24).
Results
Sociodemographic and health characteristics
A total of 220 participants, 110 per group (PWH and HIV negative) were recruited. Table 1 describes the sociodemographic and clinical characteristics of both groups. The HIV cohort was significantly older than the HIV negative cohort (median age 49.5 vs. 38.0; p < 0.001). Each cohort consisted of 105 male participants, 4 female participants and 1 participant identifying as non-binary. In the PWH cohort, there was a median of 12 years since diagnosis. Only three participants were not on ART.
There was no significant difference between the proportion of PWH and HIV negative participants who were currently smoking (27.3% vs. 26.4%; p = 1.0). However, PWH were more likely to have ever smoked than HIV negative participants (69.1% vs. 52.7%; p = 0.019) and had significantly higher numbers of smoking pack years.
People living with HIV had a significantly higher prevalence of physical co-morbidities (69.1% vs. 42.7%; p < 0.001). In particular, a higher prevalence of hypertension (16.4% vs. 4.5%; p = 0.008), high cholesterol (26.4% vs. 8.2%; p = 0.001), history of respiratory disease (20.9% vs. 10.0%; p = 0.040) and cancer (7.3% vs. 0.9%; p = 0.035). Additionally, there were significantly more PWH with a history of current or previous hepatitis C infection (8.2% vs. 0.9%; p = 0.023). There was no significant difference in prevalence of mental illness between the two groups.
Rapid assessment of physical activity
Lower RAPA 1 scores in PWH were noted compared to the HIV negative cohort (Table 2 ) and a lower proportion of PWH were meeting the WHO-recommended requirements for PA (50.0% (95% CI 40.5% -59.5%) vs. 64.5% (95% CI 55.5% -73.6%)). The confidence intervals overlap slightly, however the p value is significant (p -0.041). This suggests there is some evidence against the null hypothesis of no association between the variables.
A significant difference was detected in the RAPA 2 scores between PWH and HIV negative individuals. PWH were significantly less likely to perform any strength or flexibility exercises at least once a week (48.6% vs. 66.1%; p = 0.014).
EQ-5D-5L health questionnaire and WEMWBS questionnaire PWH had worse objective health-based quality of life than HIV negative individuals (p = 0.006) based on EQ-5D-5L descriptive scores. Significant differences were detected in answers to the mobility, self-care, usual activities and pain/discomfort questions of the EQ-5D-5L questionnaire ( Table 2 ). In each section, higher frequencies of participants in the HIV negative cohort noted no problems. There was no significant difference in the answers to the question regarding anxiety or depression. Additionally, there was no significant difference in participants' selfrated health, as measured by the EQ-VAS scores (p = 0.596). PWH reported worse mental well-being compared to HIV negative individuals (WEMWBS median scores; 47.26 vs. 51.17; p = 0.007).
Binary logistic regression predicting whether participants meet recommended physical activity levels
Binary logistic regression was performed (Table 3) to predict whether study participants met recommended PA levels (equivalent to RAPA 1 scores of 6 or 7) based on positive HIV status, age, smoking status, EQ-5D-5L descriptive score, EQ-VAS, if currently employed, the presence of a chronic physical co-morbidity and history of mental illness. This model was statistically significant (χ 2 = 22.005, p = 0.005) and as a whole explained between 9.7% (Cox and Snell R squared) and 13.0% (Nagelkerke R squared) of variance.
The odds of PWH meeting recommended levels of PA was 0.507 (95% CI, 0.265-0.970) times that of HIV negative participants, a statistically significant effect, Wald χ 2 (1) = 4.213, p = 0.040. Age, smoking status, EQ-5D-5L descriptive and visual analogue scale scores, current employment status, the presence of a chronic physical co-morbidity and presence of mental illness did not have statistically significant individual effects on the odds of meeting recommended PA levels.
The effects of physical activity on general quality of life and mental well-being Physical activity levels divided into three groups (sedentary, infrequent or light activity; less than recommended activity; and meets recommended activity levels) had no significant effect on mental well-being or EQ-5D-5L descriptive scores in the HIV cohort (Table 4 ). However, a significant difference was detected in EQ-VAS scores (p = 0.027). Specifically, EQ-VAS scores were significantly higher in the group meeting WHO-recommended activity levels compared to those in the "sedentary, infrequent of light activity" group (Median 80 vs. 69; p = 0.009).
In the HIV negative cohort, there was no significant effect of PA levels on WEMWBS scores, EQ-5D-5L descriptive scores or EQ-VAS scores.
The effects of physical activity on indicators of HIV infection
PA levels had no significant effect on CD4 counts or HIV viral loads in PWH (Table 4) . 
Multiple linear regression predicting WEMWBS scores
A linear regression model was created to predict WEMWBS scores from age, positive HIV status, RAPA 1 score, the presence of chronic physical co-morbidities, a history of mental health issues, relationship status, if university educated, if currently working, if had ever smoked, EQ-5D-5L descriptive scores and EQ-VAS scores ( Table 5 ). The total variance explained by this model was 44.7% (p < 0.001). Being in a relationship (beta = 0.115, p = 0.043), EQ-5D-5L descriptive scores (beta = 0.329, p < 0.001) and EQ-VAS scores (beta = 0.223, p = 0.001) were associated with higher levels of mental well-being. In contrast, the presence of a mental health history (beta = −0.173, p = 0.003) was associated with lower levels of mental well-being. Of note, age, RAPA 1 scores and HIV status did not have a statistically significant association with WEMWBS scores.
Discussion
In this study of a largely older cohort of stable PWH, PA levels were lower than HIV negative individuals and they were specifically less likely to meet the global recommendation of PA for health in adults. Fifty per cent of PWH and 64.5% of HIV negative individuals met recommended PA levels, which are similar proportions to those found in the meta-analysis by Vancampfort et al. (2018) (50.7%) and the Active Lives Survey (61.8%) (Sport England, 2018). Of note, no European studies contributed to the figure for the proportion of PWH meeting recommended PA levels (50.7%) in the meta-analysis by Vancampfort et al. An Australian study that had a cohort with similar demographics to ours (S Fillipas et al., 2008) found that 73.8% of PWH and 65.8% of HIV negative controls met the recommended guidelines. The study by Fillipas et al. took place before the recommendation for universal ART for PWH (World Health Organization, 2015) and so only three quarters of PWH were on ART and the median CD4 count was 368/mm 3 , compared to 97.3% of our cohort being on ART with a mean CD4 of 722/ mm 3 . Fillipas et al. hypothesised that a higher proportion of PWH met recommended PA requirements in their study compared to HIV negative individuals as PWH may be more likely actively participate in their chronic disease management. In addition to cultural differences between the U.K. and Australia, it may be that as immediate ART reduces the morbidity and mortality associated with HIV (INSIGHT START Study Group et al., 2015) there is less onus on a healthy lifestyle as a method to delay the need for ART. Given the setting of our study, it is also difficult to draw comparisons with studies from sub-Saharan Africa, where the burden of HIV is greatest (World Health Organization, 2017) . Studies in Malawi (Muronya, Sanga, Talama, Kumwenda, & van Oosterhout, 2011) and Nigeria (Edward, Oladayo, Omolola, Adetiloye, & Adedayo, 2013) found that 27.0% and 66.0% of PWH had low levels of PA, respectively. In addition to the very different results between these two studies, they also used different measures of PA to our study. However, Muronya et al. did compare their results with a survey from the Malawi general population, where only 9.5% had low PA levels. As such, similarly to our study they found that PWH performed less PA than HIV negative individuals.
Our binary logistic regression showed that HIV status was the only statistically significant independent variable predicting whether participants met recommended PA levels. Of note, age, presence of a comorbidity and quality of life scales did not have significant effects. This suggests that HIV infection is either having a direct impact on PA levels itself or is affecting the engagement in PA through variables not directly controlled for in the present study, such as fatigue or perception of effort. A study by Roos, Myezwa, and van Aswegen (2015) assessing barriers to physical activity in PWH in a South African cohort noted that "low-energy levels hindered activity". As noted previously, fatigue is common in PWH (Jong et al., 2010) . Roos et al. (2015) also mention effects of the workplace and local environment. In our study, PWH were less likely to be currently working or to have a university-level education. If we take these factors as a surrogate for socioeconomic status, PWH may be performing less PA due to more adverse working conditions or to their home and community being less conducive for PA. The interaction of different variables negatively affecting the willingness of performing regular exercise plans also deserve particular considerations. Nonetheless, considering that PWH were almost half as likely to meet recommended PA levels, it is still suggested that targeted exercise programmes may be appropriate to help counteract this.
People living with HIV had significantly lower levels of both health-related quality of life and mental wellbeing. Consistent with the literature, PWH had higher levels of problems with mobility, self-care, usual activities and pain/discomfort (Banks et al., 2015) . However, there was no significant difference between subjective EQ-VAS scores. The lack of difference in subjective EQ-VAS scores despite higher levels of health-related problems could indicate that individuals within the HIV-positive cohort have a protective factor whereby despite having more objective health problems they do not see themselves as being as affected by these issues. This protection could potentially be provided by the extra level of care they receive through HIV services. The significant difference in age between the two cohorts may also lead to differing attitudes to health. Alternatively, as a result of having worse levels of mobility, self-care, usual activities and pain/discomfort, they may simply have a lower baseline and their "health today" is relative to their own personal baseline.
Analysis of the effect of PA levels on quality of life and mental well-being scores revealed a significant difference in EQ-VAS scores between the sedentary, infrequent or light activity group and the group meeting recommended PA levels in PWH but not HIV negative individuals. This suggests that for PWH, there is a positive relationship between levels of PA and their subjective health status. This is arguably expected given the documented positive effects of PA on physical and mental health in HIV (d' Ettorre et al., 2014; Jaggers et al., 2015; MacArthur, Levine, & Birk, 1993; O'Brien et al., 2016) . The lack of a significant relationship between PA levels and EQ-VAS scores in HIV negative individuals is unexpected (Halaweh, Willen, Grimby-Ekman, & Svantesson, 2015; Kim, Kwon, & Park, 2014) and it is likely that our sample size was too small to detect a significant difference.
In our linear regression model predicting WEMWBS scores, there are associations with mental health history, relationship status and both EQ-5D-5L scores. Interestingly, other variables such as HIV status and RAPA 1 score were not significant. Most evidence supports the positive effect of physical activity on mental well-being in both PWH (O'Brien, Nixon, Tynan, & Glazier, 2010) and HIV negative individuals (Harris, 2018; Penedo & Dahn, 2005) . Furthermore, the negative effect of HIV on depression and mental well-being is well documented (Do et al., 2014) . It may be that the impact of HIV status and PA levels on mental wellbeing is mediated by other factors such as quality of life. Therefore, when we control for such factors, HIV status and PA levels do not have an independent significant impact on mental well-being. This is also suggested by our univariate analyses showing that mental wellbeing scores were significantly lower in the HIV cohort.
Considering that many previous studies (Vancampfort et al., 2018) have assessed HIV patients in isolation, by comparing people living with and without HIV and assessing HIV as a factor itself, the present investigation addressed an important gap in the literature. Nonetheless, our study is not without limitations. As it is a cross-sectional study, we are unable to assess causality. Additionally, our sample size was relatively small and prevented us from performing regression analyses on the HIV cohort alone. The lack of an objective measure of PA may also have an impact and may have caused under-or over-reporting of PA levels. A study in PWH found over-reporting using the international physical activity questionnaire, a similar tool to the RAPA (Fillipas, Cicuttini, Holland, & Cherry, 2010) . In addition to relying on participants to have completed the questionnaires truthfully, there is a possibility that the characteristics of participants willing to complete questionnaires are different to those who declined to participate. It is also important to note that the results of this study are not necessarily generalisable. Our HIV cohort was 95.5% male, and this is reflective of the HIV population in Brighton. Our findings may not apply to other areas with a higher proportion of female PWH or in low resource settings. Future prospective studies need to assess the impact of regular exercise programmes on PWH, both male and female.
Conclusions
This study suggests the existence of a negative association of HIV with levels of PA. Given the evidence indicating the positive impact of regular PA for health (d'Ettorre et al., 2014) , integrating targeted exercise programmes would be an appropriate countermeasure for PWH. Mental well-being scores were lower in the HIV cohort, but HIV status did not have a significant association with well-being scores within multiple regression modelling. Thus, this difference may be mediated by other factors. Additionally, there was no association between PA levels and mental well-being.
